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1. Introduction
   Tuberculosis (TB) is a disease caused by Mycobacterium 
tuberculosis (M. tuberculosis) which is responsible for 
a huge number of deaths of humans throughout the 
history[1]. Despite the remarkable development and 
progress of technology, especially medical sciences and 
relative promotion of life styles, TB has still remained as 
a public health problem[2,3]. Within different parts of the 
world, the bacteria caused TB having a high distribution, 
and in a way that nine million human beings are infected 
with TB every year and relatively two million of them will 
die[4,5]. About one-third of the world population have been 
contaminated or at risk of TB[6]. However, more than 90% 
of TB cases and deaths occur in developing countries. 
Given the importance of this pathogen in the global health 
status, it is necessary to fight against and prevent it. Since 
prevention is always the most important step in fighting 
against a disease and lower costs will be imposed on 
individuals, exploring the ways that lead to preventive 
measures is of tremendous value. As a result, the 
emergence of drug-resistant strains and other items that 
might be caused by these pathogens will be prevented. 
Pathogenic bacteria for mammalian and plant hosts have 
evolved virulence associated adherence appendages 
called pili that mediate directly or indirectly the 
interaction of bacteria with specific host target cells[7,8]. 
Pili are proteinaceous polymeric structures generally 
composed of a major repeating subunit or pilin and in 
some cases, a minor tip-associated adhesin subunit[9-11]. 
The hydrophobic nature of pili overcomes the repulsive 
forces between bacteria and eukaryotic cells. Due to 
their key roles in bacterial pathogenesis, pili are viewed 
as virulence factors and important targets for vaccine 
development[12]. 
ARTICLE INFO                           ABSTRACT
Keywords:
Mycobacterium tuberculosis
Pili genes 
Sequencing
Transmission electron microscopy
Objective: To study genetic bases and morphology of pili in Mycobacterium tuberculosis (M. 
tuberculosis).
Methods: PCR and sequencing were used to investigate two related pili, Mtp and Flp genes in 
clinical isolates of M. tuberculosis. The primers were designed and PCR program were set for 
whole genes amplification. PCR products of the two genes from all isolates were sequenced by 
an applied biosystems apparatus and the results were analysed by online software. In the other 
hands, harvested cells from fresh cultures of isolates were undergoing specific sample preparation 
for sectional and negative staining for transmission electron microscopy. 
Results: Electrophoresis revealed two specific bonds of 361 bp for Mtp and 150 bp for Flp genes 
and confirmed primer and PCR conditions designing. There were not any mutations in sequencing 
results of Mtp and Flp in comparison with reference sequence. Transmission electron microscopy 
examination revealed two distinct types of pili in the isolates as a bundle-forming pilus and 
rope-like pilus. From total investigated cells, 10% harbored pili in their structure. 
Conclusions: Two genes of pili in all clinical isolates of M. tuberculosis were conserved and 
two morphological types of pili were detected. We proposed that by targeting pili proteins by a 
suitable inhibitor, it could affect the pathogenesis especially in resistant forms. 
Article history:
Received 22 May 2014
Received in revised form 6 Jun 2014
Accepted 26 Jun 2014
Available online 9 Jul 2014
 Contents lists available at ScienceDirect
Hossein Hosseini et al./Asian Pac J Trop Med 2014; 7(Suppl 1): S199-S203S200
   Structurally, pili or fimbriae are straight or flexible 
filaments 5-7 nm wide and 2-3 µm long. Many genes are 
required for pili biogenesis and encoded as the major 
pilin subunit, prepilin peptidase, chaperone, minor 
subunit, proteins involved in membrane translocation, 
nucleotide-binding proteins and channel-forming protein 
among others[7,8,13]. Pili have generally been associated 
with several biological activities such as agglutination of 
human and animal erythrocytes, bacterial adherence and 
colonization of mucosal surfaces. It is important to mention 
that there are many types of pili, and most microorganisms 
that produce them often have the capacity to produce more 
than one pili type. One pili type of M. tuberculosis, Mtp, 
with a molecular weight of 361 bp, is comprised of 4-kDa 
protein subunits encoded by the M. tuberculosis H37Rv 
predicted open reading frame, designated Rv3312A. A 
second pili morphotype that appeared as rope-like bundles 
was observed for M. tuberculosis which is known as Flp 
with a molecular weight of 150 bp. It is comprised of 6-kDa 
protein subunits encoded by the M. tuberculosis H37Rv 
predicted open reading frame, designated Rv3656c[14-
17]. Flp is the IV-type pili which is thin and flexible. It 
has a diameter of 6-7 nm and has a different pattern for 
monomers assemblage. This type of pili causes the bacteria 
to bind different surfaces. These pili are essential for the 
binding of bacteria to the epithelial cells. So, they play a 
key role in initiation and continuation of disease.
   The type IV pilins have been further separated into 
two groups known as type IVA and IVB sub-families. 
The subunits of IVA pili are found in various groups of 
human pathogens while the subunits of IVB pili are merely 
found in intestinal bacteria[8]. IVA (GC) is more resistant 
to proteolysis, heat, and destructive chemical materials, 
while IVB is more stable and its subunits are not assembled 
as strong as GC. Type IV is a prominent type of pili 
produced by many Gram-negative bacterial pathogens[8]. 
Type IV pili has been associated with virulence and other 
biological properties. These include twitching motility, 
bacterial aggregation, biofilm formation and development, 
colonization of host tissues and DNA transformation[8,18,19].
   In the present research, after recognizing the genes 
producing pili within clinical strains of M. tuberculosis, 
their sequences were studied. Besides, the morphology 
of pili within the clinical strains observed by electron 
microscopy was focused. 
2. Materials and methods
2.1. Sample collection and experimental method
   The two basic genes producing pili were recognized 
as Flp and Mtp. The present research has focused on 
the presence of genes and their sequence within DNA in 
clinical strains. For this purpose, 36 DNA samples extracted 
from the sputum of TB patients were studied. The samples 
were composed of 18 samples of multidrug-resistant, 7 
samples of extensively drug-resistant, and 11 sensitive 
samples. The Chelex method was applied to extract DNA 
from bacteria samples. Briefly, in this method the positive 
sputum will be centrifuged with N-acetyl-L-cysteine 
treatment. The resulted specimen was transferred into a 
tube contains of 0.07 g chelex and 300 µL of 1伊 Tris-acetate-
EDTA buffer, then it was heated to a temperature of 95 °C 
for 45 min. The tubes were centrifuged at 10 000 r/min for 10 
min. The supernatant contained of DNA was poured off and 
the specimen was centrifuged for two other times in order 
to have DNA without chelex, because chelex will cause 
disorder in PCR. 
   PCR was applied for approving the presence of the 
examined gene and sequencing method was used for 
determining the sequence of genes after extracting the 
DNA. To this purpose, PCR was applied to the extracted 
DNA of clinical strains of M. tuberculosis and the result 
of the PCR was prepared for sequencing. To this end, 
specific primers for amplification of the target genes were 
designed and used. At the first stage of the experiment, 
which is using PCR reaction, the test results must be 
investigated after the careful conduction of the reaction. 
For this reason, the study was done by electrophoresis 
method using 1% agarose gel. Then, for determining the 
sequence of the nucleic acid within the mentioned genes, 
sequencing method was used. Within this method, the 
considered fragment consisted of the determined codons 
were amplified by PCR with specific primers. The results of 
the PCR were sequenced after purification. 
2.2. Primer designing
   According to the main objective of the research which 
is sequencing and analyzing pili genes, the primer of 
Mtp was designed by MEGA Software and ordered and the 
primer of Flp was ordered using the paper. To increase 
the accuracy of the operation of the designed primer, the 
following factors were considered and the best sequences 
were selected by decreasing and increasing the nucleoids: 
length of the primer, percentage of the GC (between 45-
60), delta G prime, preventing the formation of hairpin 
structures, preventing sticky end, increasing the percent 
of C or A at the end of the three primers, increasing 
the AT percentage in 3’, preventing the formation of (3’)
GATC…(5’) and also, (3’)GT…AC(5’) (Table 1), similarity in 
the percentage of GC within R and F, selecting a melting 
temperature between 65-70 °C and making a similar 
situation for both of the primers, and selecting annealing 
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temperature based on the melting temperature.
Table 1 
The used primers within the experiment for carrying out PCR.
Primer name Primer (5'-3')
Product size 
(bp)
Flp-F (5’-ATGTTTCGTGTACTCGTGGCG-3’)
150
Flp-R (5’-CGCCGACACAATGGAATCCC-3’)
Mtp-F (5’-ACCGTCATCATATGTACCGGTTCG-3’)
361
Mtp-R (5’-CATCGGCTCGAGAGCGTAAATCTG-3’)
2.3. PCR 
   PCR reaction was carried out in the final volume of 25 µL 
consisting of 2.5 µL of purified DNA, 2.5 µL of forward primer, 
2.5 µL of revers primer, 12.5 µL of master mix and finally, 
5 µL of water. The temperature plan was as follows: initial 
denaturation temperature of 94 °C for 5 min, denaturation 
temperature for each cycle is 94 °C for 1 min, primer binding 
temperature is 59 °C for 1 min, and elongation of primers 
for 45 seconds. Finally, PCR results were studied within 1% 
agarose gel.  
2.4. Sequencing
   The results of the PCR reaction were prepared for 
sequencing and transferred into the Source BioScience 
Company. The results were sent back after a few days. 
2.5. Morphologic investigation of pili
   The transmission of pili structure was observed 
using electron microscopy. To study the pili structure 
morphologically using transmission electron microscopy 
(TEM), the specimens were cultured in Muler-Hinton broth as 
a first step. Then, the specimens were observed by electron 
microscopy and negative staining. For negative staining, 
approximately one drop of the specimens was placed onto a 
300-mesh carbon formvar copper grid. Then, the parts of the 
needless specimen were wiped and negative staining was 
done by 1% uranyl acetate.
   In order to do positive staining, the 2.5% glutaraldehyde 
solution within the phosphate buffer 0.1 mol/L was used as a 
primary fixation. Then, phosphate buffer 0.1 mol/L was used 
for washing and as a second fixation, ammonium tetroxide 
was used and then washing was repeated. Dehydration 
was done using 25%, 50%, 70%, 90%, and 100% ethanol 
concentrations for three times and each time for 10-15 
min. Then the specimen was put in propylene oxide for two 
times (each time 30 min). Then it was placed in the resin 
and propylene oxide with the portions of 1:2, 1:1, and 2:1 for 
2-3 h. Then it was put into pure resin and molded. Later, it 
was placed into an oven at 60 °C for 2-3 d. Cutting was done 
using an ultra microtom machine Umo3 model of Richert 
Company, Austria. The slices were placed on a 300-mesh 
copper grid and investgated with TEM.
3. Results 
3.1. PCR results 
   All of the 36 investigated strains selected for studying the 
two mentioned genes formed respective bond. It means that 
the 361 bp for Mtp and 150 bp for Flp are observed within 
agarose gel. Figure 1 shows the results of bond formation of 
Mtp for a number of specimens. Figure 2 shows the results of 
carrying out PCR for Flp for a number of specimens.
25e      90MDR   75MDR   571XDR   112MDR    42MDR 124XDR 30MDR
361 bp
Figure 1. PCR results of Mtp for a number of specimens.
28e      90MDR   75MDR       31e         25e      112MDR   1MDR     2XDR
150 bp
Figure 2. PCR results of Flp for a number of specimens.
3.2. Sequencing results
   Sequencing results obtained from MEGA software indicated 
pili-related genes and confirmed PCR results. Figure 3 shows 
a part of Mtp sequence of specimens sent for sequencing. 
As it is clear, this gene has the same sequence within all the 
specimens.
   Figure 4 shows a part of Flp sequences. Within the first 
row, it is a part of the sequences of Flp and its following 
rows indicate sequencing results of a number of specimens. 
Observing the true sequence of Flp confirms PCR results. 
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   The results of electron microscopy are confirming and as 
it is shown in the pictures below, there observed both types 
of pili in M. tuberculosis. Figure 5 shows a bundle-forming 
pilus of Mtp while Figure 6 shows fiber type pili of Flp which 
is rope-like. 
Figure 5. A bundle-forming pilus resulted from locus Rv3312A observable on the 
bacteria surface (40 000伊 magnified).
Figure 6. A rope-like pilus resulted from locus Rv3656 (40 000伊 magnified).
4. Discussion 
   Tuberculosis is a chronic and infectious disease which is 
considered as one of the major cause of death in the world. 
Tuberculosis is endemic in Iran and the world which is more 
prevalent within third-world countries[5,20]. The biggest 
reason for infection in such countries is malnutrition, 
however, genetic factors, age, and immunological conditions 
of the infected person should not be overlooked. As an 
example, it has been demonstrated that those animals 
which possess biocompatibility antigen human leukocyte 
antigen HLA-Bw15 may have a higher risk of disease[9,21]. 
Or people who are HIV-infected are at higher risk, because 
their immune systems are weaker[3]. Due to the increasing 
proliferation of drug-resistant TB and according to TB 
treatment method, providing some techniques for rapid 
detection of drug sensitivity or resistance of M. tuberculosis 
strains seems necessary[22]. Given the importance of 
this pathogen in the global health status, there is a clear 
necessity to fight against and prevent it. Since prevention is 
always the most important step in fighting against a disease 
and lower costs will be imposed on individuals, exploring 
the ways that lead to preventive measures is of tremendous 
value. As it was mentioned, due to their key roles in 
bacterial pathogenesis, pili are viewed as virulence factors 
and therefore as important targets for vaccine development. 
Pili perform their roles by adhering to the lunge surfaces. 
pili rv3312a
75MDR_mtpF
30MDR_mtpF
119MDR_mtpF
75MDR_mtpR
90MDR_mtpF
370XDR_mtpF
571XDR_mtpF
25e_mtpF
37e_mtpF
28e_mtpF
2XDR_mtpF
13N_mtpF
Figure 3. Sequencing results of the Mtp.
pili rv3656
75MDR_flpF
30MDR_flpF
119MDR_flpF
75MDR_flpR
90MDR_flpF
370XDR_flpF
571XDR_flpF
25e_flpF
37e_flpF
28e_flpF
2XDR_flpF
13N_flpF
Figure 4. Sequencing results of the Flp.
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Therefore preventing reactions are of great importance. The 
results of the present research and other similar papers 
confirm the morphological presence of pili genes within 
the bacteria. So, further studies might be a step towards 
the creation of a vaccine against this pathogen. The present 
paper, genetically and morphologically, investigated the 
genes producing pili. Any disorder within the producing 
genes’ structures will cause inefficient units which lead 
to inefficiency in the pili operation. In 2007, for the first 
time, Alteri et al. reported that M. tuberculosis produced 
pili. Based on his findings using TEM and SEM electron 
microscopy, the presence of pili-like structures within the 
bacteria was confirmed and it was stated that this human 
pathogen was capable of producing two different types of 
pili according to the different conditions[23,24]. 
   The results of the present research indicate that the 
genes are present within all the considered strains. These 
genes are away from any mutation and also, the findings of 
electron microscopy show morphologically the existence of 
pili on the surface of M. tuberculosis. 
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